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A c o x p a r i s o n  i s  i.i.ade 3f t h e  r o s u l t s  o f  c a l c i i l a t i o n s  
o f  t11e c ~ i t i c a 1  f l u t t e r  s p e e d s  cf  n i n e  u n i f  o r a  r e c t a n g u l a r  
w i .c rt c. t i i t i i o u t  a i l a r o n s  5:; t w o  xotho6.e as  follows: 

. 
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V ~ ~ U P E  a r e  c o ~ p o r e d  w i  s p c ~ d s  o b t a i n a d  f r o m  
e x p g r i a p f i t s  made i n  t h  gh-spfin6 t u n n e l  a t  LW-JJ. 
T h i s  cornpn,r ison i s  u s p d  t o  judg.' t h p  i n p o r t a n c e  o f  i n t r o -  
d u c i r g  c o n s i d n r ~ t i o n s  of w i n g  f l u t t e r  shape  i n t o  t h ?  
f l u t t a r  probl; .m. 
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i 
I S  

I. .- 1, vrnat m e  t h o  a i r  f o r c c s  a s s i g r , a . b l e  t o  a w i n g  
v i 5 r n . t  i n g  w i t h  a m p l i t u d e  v a r i a b l e  a l o n g  t h e  
sp,n 

2. V h i c h  s c c t i o n  p n r n m o t z r s  of thr-  w i n g  ere? t o  b~ 
u s e d  i n  s g l v i n g  f o r  t h p  c r i t i c a l  f l u t t e r  
s p ? P d ?  

3. ffh?,t  v a l u ~ s  a r e  t o  b.- g i v - n  t o  t h n  fr ; :a_uancy 
t c r x s  o c c u r r i n g  i n  t h e  t h c o r y ?  

Thn pr . - - s i in t  p r a c t i c r !  in a p p l y i n g  t h c  t w o - d i m p n s i o n a l  
f l u t t c - r  t.heor;; i s  t o  . n i c k  e. p o s i t i o n  a l o n g  t h e  w i n g  s p a n  
tk3. t  i s  c o n s i d n r ? d  . r e p r n s i . n t ~ t i ~ j ; .  of t h ?  s,.v:?rrg-! ' p r o p e r -  
t i : ; s  of ti1.C w i n g  w i t h  r egz . rd  t o  s p c t i o n  pa . r : ?me tn r s  and. 
w i n g  f l u t t p r  m o t i o n .  Th.2 t lq . r -? -quar tc r  s ~ ? m i ; s p - ~ n  s e c t  i o n  
i s  n s r n a , l l y  c o n s i d e r ~ d  t o  be t h i s  c h c r a c t , ? r i s t  i c  wine; 
section. The l o w p s t  n 2 t u r s l  v i b r a t i o n  f r n q u \ - n c i e s  i n  
wing b.?nd.i:lg, t s r s i o n ,  and n i l ~ r o n  o s c i l l e t  i o n  a r c  
? .ss iEynfid.  The s o l u t i o n  f o r  thi? c r i t i c e l  f l u t t e r  spnt?d 
i s  t h p n  r 2 S s u m F d  t o  'oc t h ? t  of a u n i f o r x  i n f  i n i t t ?  Wixg 
h n v i n g  t h r  d . - scr ib ; .d  p r o p e r t i e s ,  Ti i f .  s . i r  f s'rc:?s u s ? d  i r ?  
th:,s.? ob t .n i f i?d  b y  R two-di, i ,nnsion?.l  w i n g  t r ~ a t m c r i t .  G o o d  
judg.rr,--nt i n  s s l c c t i n g  t h e  r e p r p s e n t r t i v ?  w i n g  s c c t i o n  
Eiv4-s c R l c u l n t n d  c r i t i c i l l  f l u t t p r  sF)C.ids . t h . t  cocic c l o s e  
t 3 6' xp-+:r i x e  n t  P 1 T i  -r'lu,: s . 

Yksn on-? g r  b o t h  of t h i .  C a : L p l a d  r n o d ~ s  o f  v i F J r R t i o n  
n a k i n g  u p  t h c  f l u t t , - , r  v a r g  i n  g n i t u d t ?  o . l o n g  tkt: s:pc?n o r  
20 n o t  inTro1Trc t h p  : ? n t i r c  w i n g ,  t h e  i ? f f a c t  a f  t h n  w i n g  
sha.p, .  i n  i ' l u t t ? r  i s  in t roc l .uced  i z t o  t h .  p r o b l : ? n  by a p p l y -  
irLg v F i g h t i n g  f 3 . c t o r s  t o  t h ; :  c o u p l i n g  t r rnis  pr$?ser ; . t  i n  
t h c  n q u a t i o n  of n o t i o n  of t hP  f l u t t e r i f i g  w i n g .  F o r  t w o -  
d i m e n s i o n e l - f  1 u t t e . r  cc?.sr:s o f  n.n i n f  i n i t r ?  w i n g  i n v o l v i n g  
t h e  n i l r r o n ,  t h e  w e i g h t i n g  f n c t o r  t o  b e  a p ~ l i ~ d  t o  thc? 
? i l ~ - r o n - b c n . d i n g  and s i l o r o n - t o r s i o n  c c u p l i a c :  t?rms w o u l d  
b e  t h 2  r l t i c  o f  z i l a r o n  s p c n  t o  : . i i f i p  t. s p n n .  F o r  zin F t c t u a l  
Wing i n  th;, c a s , ?  of b e n d i n g - t o r s i o n  f l c t t r - r ,  t h e  w p i g h t i n g  
f c c t o r  5 would dep;.nd on t h e  w i n g  b o n d i n g  e n d  wing t o r -  
s i o n  s h p p ~ s  i n  th:, f l u t t e r  v i b r a t i o n .  
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h(x) n m p l i t u d c  of b e n d i n g  v i b r a t i o n  a t  x 

a ( x )  amplitude of  t o r s i o n 8 1  v i b r a t i o n  a t  x 

u, f l u t t e r  f r c q u c n c j r  

t t imcli  

T h c n ,  f o r  t h p  c ~ s e  of R r c c t s n g u l a r  w i n g  w i t h  s p c t i o n  
p n r n ; l l c t c r s  c o n s t a n t  n l o n g  t h r  s p a n ,  t h p  co t . f f  i c i a - n t  o f  

c o u p l i n g  is o b t e i n c d  b y  th;l i n t o e r a 1  [ = lz h(x) a ( x )  dx 

whc-rI3 2 i s  thl-  w i n s  s c ~ i i s p r t n  l a n g t h .  

Tho a p p l i c a t  io:i  of L n g r a n g e  I s  e q u a t i o n s  a n d  g e n a r s l -  
i z e d  c o o ~ d i n a t e s  t o  t h e  f l u t t e r  p rob lem p r g v f d e c  a means 
c f  t r e a t i n g  t h e  w i n g  a s  a c o n t i n u o u s  s t r u c t u r e  caps .b le  o f  
v i b r a t i n g  in i t s  v a r i o u s  modes w i t h  a c p 1 i t u d . e  v a r i a b l e  
3 1 o n y t hc s p, r! , T k e c hnr a c t c r i s t i c d e  t e r ,?I i na. n t d o 1- e 1'0 p e d 
i n  t h e  C L " . : L ~ S ~  of t h e  s o l u t i o r ,  62 a f l v t t e r  p roblem Fields 
u p o n  ~ i i ~  a o l u t i z n  of t h o  e q x a t i o n s  d e r i v e d  t i i e r t? f l*om n n  
e s t i x e t e  of t h e  shape  a s s u s e d  5y t h e  f l u t t e r i n g .  wing as  
w e l l  a s  t h e  c r i t i c a l  f l u t t e r  s p e e d  snc? v i b r a t i o n  f r e q u e n c y .  
One t reaknsss  of t h i s  nekh3d a t  present i s  L h e  p r a c t i c a l  
n e c e s s i t y  f o r  ZLss igning  t o  ec?.ch w i n g  s e c t i o n  t h e  a i r  forces 
t h t z t  would exist on EL two-clLimens50nnl w i n g  v i b r a t i n g  i n  a, 
mnilner i $ - e n t i c a l  w i t h  t h e  s e c t i o n ,  Tbis a s s u a i > t i o n  l e a v e s  
ou t  t h o  e r " f e c t  of  a s p e c t  r a t i o .  For t h e  higher r e d u c e 6  
f l u t t e r  frequencies t h e  e r r o r  i n t r o d u c e d  b$ n e g l e c t i n g  the 
e f f e c t  o f  a s p e c t  r a t i o  i s  nut h s g e .  

. .  
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t h p  c o r r e s p o n d i n g  f u n c t i o n  f o r  t h c  t o r s i o n  v i b r n t i o n ,  
t h e n  

q j  n p h a s e  r i n g l c s  3f b s n i i i n f *  2 n d  t o r s i o n  v i b r a t i o n  
.-: o dc s 
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F o r  t h p  heTnd inE; - to r s ion  f l u t t e r  C P E "  f o r  the. u n i f o r - i  
r F c t r n g u l r r  win(:, thp q p l i c c t i o n  o f  L a g r n n g ; c ' s  equztions 
g ivs - s  f o r  th; : ; a n c r ~ u l i z ~ = d  e q u a t i o n s  o f  r.ot i o n :  
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, 

1.1 w i n g  L ~ S S  p e r  u n i t  1 - r g t h  

C-2 w i n g  t o r s i o r .  s t i f f n t ~ s s  
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wh;. r c 

u, c r i t i c 2 1  f l u t t p r  f r e q u c - n c y  

r, rr: ' ius of gyr , r . , t ion of w i n g  L R S S  R b o U t  s t - o t i c  t o r s i o n  
E x i s  

P rLir ?.lr?nsity 
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C3liPARATIVE CALCUUTI3FS 3 3  C X I T I C k L  F 3 U T T E 8  SPEBDS 

C r i t i c a l  f l u t t e r  s p e e d s  have be(:n d e t e r m i n e d  f o r  n i n e  
r e c t a n g u l a r  w i n g s  ir ,  t h e  W C - 4  c j - f o ~ t  h i g h - s p e e d  w i n d  t u n -  
n e l  a t  L i ~ i 4 L .  F o r  c a c b  of  t h e s e  w i n g s  sir: t h e o r e t i c a l  c r i t -  
i c a l  s p e e d  d e t e r m i n a t i o n s  w e r e  n a d e :  

1. Zagrange's equation m e t h o d  for one  b e n d i o g  a n d  
ono  t a r s i o r ,  moCe 
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1. T h e o d o r s e n ,  T h c o c ' c r o :  G c i i o r z l  T h e c r j .  cjf A c r o d y n a n i c  
Instability a n d  th3 I\",cchzar,isi c f  F i u t t e r ,  Re2 .  
B u .  496, FACA, 1535. 

2 .  ?hheod3rscn ,  T h e q d o r e ,  a ~ d  G z , r r i c k ,  I .  E . :  14cchanism 
of F l u t t e r  - A T h c o r e t i c c , l  a n d  E x p c r i m e n t a l  I n v c s -  
L .  t , i g a t i o n  c f  t h o  F l u t t e r  Probler . ; .  2 c p .  N o .  6 8 5 ,  
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